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SUMI.IARY 



Tests have been made in the NACA two-dimensional low- 
turlDTilence tiilinel to determine the drag characteristics 
of two configurations of a 0.0476-scale nacelle and oil- 
cooler scoop for the Hughes-Kaiser cargo airplane. These 
nacelles were mounted on the Hughes-Kaiser v/ing section 
577.325 ' (NACA 63,4-4(20.2) approx.) • For comparison, one 
nacelle was tested on a thick conventional airfoil 
(NACA 23021). These tests were carried out at a wing 
Reynolds number of 2,5 million. 

These nacelles had a slightly favorable effect on 
the maximum lift coefficient." The drag increment of the 
nacelles was slightly less on the low-drag section than 
on the conventional section. 



INTRODUCTION 



Tests have been made previously in the NACA two- 
dimensional lew- turbulence pressure tunnel to obtain 
lift and drag data for bomber Jiacellos mounted on lov/- 
drag wings (references 1, 2, and 3). In these tests 
the ratio of nacelle diam.eter to vving thickness ranged 
from. 1.0 to 2.5. The trend tov\;'ard very large airplanes^ 
with engine dimxensions remaining fixed, may lead to de- 
signs exemplified by the Hughes -Kaiser cargo airplane 
where the nacelle diameter approaches the value of one- 
half the v/ing thickness. Such trends have led to 
questions concerning the effects of small nacelles on 
relatively thick wings. 

The purpose of this investigation was to determine 
the effects of two 0.0476-scale nacelle and oil-cooler 
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scoop configurations .for the Hughes-Kaiser cargo airplane 
on the lift and dra^ characteristics of the Hughes-Kaiser 
wing section 577.325 (NACA 63,4-4(20*2) approx,). For 
comparison, one nacelle was tested on a conventional air- 
foil of annroxiviately the sarne thickness as the lov^-drag 
section. Tliese tests were carried out in the IIACA two- 
diii-'ensi onal low- turbulence tunnel at a wing Reynolds 
nujnber of 2.5 x 10'\ 



SYIVIBOLS AND NOTATIONS 



The increraent *of drag of a nacelle is defined as 

the difference "between the drag of the wing-nacelle 

combination and the drag of the plain v^ring* Symbols 
used are defined as follows: 



A. 



n 



n 
AH 



c 

Ac 

ZAc^ 

^d. 



exit area 
entrance area 
exit velocity 
entrance velocity 
free-stream velocity 
total pressure loss at exit 
free -stream dynamic pressure 
wing Reynolds number 
airfoil chord 

area upon which drag increm.ents are based 
(airfoil chord squared) 

coefficient of total drag increm.ent of nacelle 
including drag due to internal losses 

coefficient of drag due to internal losses, 
calculate from the formula? 
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Ac^ coefficient of external draf^ Increment 



M0D3LS AND METHODS 



The wings used in this investigation were S^-foot- 
chord models "of the NACA 63,4^4(20.2) and NxiCA 25021 
airfoil sections. Both these models were constructed 
of v;ood with laminations running chordwise, and were 
prepared for test by the methods described in refer- 
ence 4» The nacel.les and scoops vrere also constructed 
of wood* Sketches of the nacelles and scoops showing 
the internal duct arran^.';ement and the position of the 
baffle plates used to approximate pressure losses due to 
an enrrine or oil cooler are shown in figures 1 to 4. 
Nacelle B has a larger radius of curvature near the lead- 
ing ed.<20 of the cowi'in.^ than nacelle A, and the spinner 
is less pointed. Scoop E, which is about 20 percent 
longer than scoop A, has a more rounded gutter and -a 
larrxer radius of curvature on th3 lower surface. 
Entrance and exit areas for both nacelle-scoop combina- 
tions are ,friven in the follovring table: 



Nacelle 


Scoop 


An 
(sq In,) 


(sq in.) 




A 




1.304 


0.545 


0.418 






1.202 


.581 


.484 




A 


. 1-40 


.160 


.254 




B 


.[500 


.220 

1 


.440 



The ratio of the nacelle diameter to the wing thick- 
ness was 0.569 for the RaCA 65,4-4(20.2) and 0.548 for 
the MAOA 25021 section. 



For each wing the nacelles were horizontal at a 
section lift coefficient of O.S. The angle of inci- 
dence between the nacelle canter line and wing chord 
line was -4.5^ when mounted on the NACA 63,4-4(20.2) 
section and -7^ on the NACA 25021 section. 

The nacelle and scoop-drag increments were ^ found 
from, force measurements. Section drag coefficients 
were obtained bjr the wake -survey method as described 
in reference 4. Section lift coefficients were obtained 
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integrating pressures along the tunnel floor and 
ceiling. All lift and drap coefficients are corrected 
for tunnel-wall Interference. 



centers, were tested on both wings 



Three nacelles of type A, spaced 12 inches on 

The increment of 
in good agreement v/ith 

Since the accuracy 
quantity, the drag 
averages of the incre- 



three nacelles divided by three is 
the increment of one nacelle alone 
is increased by measuring a larger 
increments shown for nacelle A are 
ment for three nacelles. 



Pressures at the exits were m.easured by small static 
and total pressure tubes placed at several positions 
arotmd the exit. 



All drag increments shown are external increments . 
^^dc' based on a model area equal to the chord 

squared. 

Both airfoils were tested at a lift coefficient of 
about 0.6 with a 1-inch by 2|-inch roughness strip at 

leading edge. This striT:) was composed 
01 u.UlO-mch average diameter carborundum grains cemented 
to scotch tape, -./hich in turn was applied to the airfoil. 
The 2-^-inch length, equal to the nacelle diameter, was 
parallel to the span of the airfoil. This test was made 
to compare the drag of the nacelle with the drag of a 
rough spot covering the same span as the nacelle. 



RESULTS AND DISCUSSION 



In figure 5, external drag increments of confi,eu- 
rations A and B of nacelle and scoop are presented'as 
a function of lift coefficient. While the valiie of 
crag appears to be almost the same for each nacelle, 
type A has a larger low-drag range. Through most of 
tne range of lift coefficients the drae; increment due 
to scoop B has so small a value that it approaches the 
limit of experimental accuracy. It appears that scooo B 
has flower increments than scoop A throughout the range' 

The coefficients of external drag increments of 
type A nacelle on each airfoil section are given in 
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figure 6. V/hlle the increments are substantially the 
same on both wings, it seems that the trend is toward 
slip^htly smaller increments on the low-drag section. 
Tl-ie ""drag increments based on an area equal to the chord 

4 squared for the rough spot on each v/ing are shown in 

figure 6. It will be noted that the additional drag 

^ caused by the rough spot is the same as the increment 

of the nacelle on "^the low-drag wing, but that the rough 
spot results in approximately one -third the drag caused 
by the nacelle on the conventional section* 

In figure 7, section drag coefficients and section 
drag coefficients plus drag increments due to nacelle A 
are plotted against lift coefficients for both airfoil 
sections* The shaded areas represent the additional 
drag due to the nacelle. 

Section lift coefficients as a function of angle 
of attack are presented in figure 8 for each wing alone 
and for each wing v/ith tyr^e A nacelle* At low and 
moderate values of the lift coefficient the nacelle 
anpears to have no effect on the lift curve* There is, 
however, a slight favorable effect upon maxim.um lift. 

Internal flow characteristics throughout the range 
of lift coefficients for both nacelle and oil scoop 
configurations are presented in figures 9 and 10. 

CONCLUDING REMARKS 



The increment, of drag due to a small nacelle having 
a diameter about equal to half the wing thickness was 
slightly less on the NACA 63,4-4(20.2) than on the NACA . 
23021 airfoil section. 

Sm.all nacelles mounted on a low-drag airfoil section 
appeared to have a slightly favorable effect on the maxi- 
mum lift coefficient. 

• Type A nacelle, which incorporates a larger cowling 
nose radius than nacelle B, had the larger low-drag range. 
Type B oil-cooler scoop, with rounded gutter and larger 
radius of curvature on the lower surface, had a smaller 
drag increment than type A. 
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Ilacelle A and. scoop B mounted on the NACA 63,4-4(20.2) 
sectn.on probably would result in a lower over-all drag 
than any of the combinations tested. 



Langley !.Iemorial Aeronautical Laboratory, 

National Advisory Coi.iinittee for Aeronautics, 
Langley Field, Va., Sept amber 14, 1942. 
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figure ( .- Section through oenterllne of nacelle and scoop, configuration A. 
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Figure 2 .- Co/rtour of oil scoop A. 
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Figure 3,- Section through centerllne of nacelle and scocp, configuration B. 
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Figure 4- o- Contour of oil scoop B. 




Figure 5.- External drag increments of naeelle and oil scoop, [■ 
configurations A and B, on NACA 65,U-ljP0.2) airfoil section. 
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Figure 6 External drag incr^ents of nacelle A on NACA 65, i;-!^^.^ 
and NACA 25021 airfoil sections. R^, 2.5 x 10^. 
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O NACA 63,U-^0-^ pl»in wing 

-f. NACA 65,5-lj{20.^ with nacelle 

X NACA 25021 plain wing 

□ NACA 23021 with nacelle 




figure 7,- Section drag coefficient and section drag coefficient 
plus drag increment of nacelle A on NAGA 63,l|-l|^0.^ and NACA 
23021 airfoil sections. R^, 2.5 x IQo. 



o NACA 63,1|-1|(20.2) alone 

- NACA 63,U-U(20.2) with nacelle 

X NACA 23021 alone 

□ NACA 23021 with nacjlle 




Figure 8 Lift characteristics of tiie NACa o^,k'h^O.^ and NACA 
23021 ai " " ■ . - 

Rw. 2.5 



23021 airfoil sections with and without type A nacelle. 
X 100. 





Figure 9 Internal flow characteVl sties of nacelle and oil tcoop, 
oonflguratlop A, mounted on NACA 65,i|.-i|^0.^ airfoil section. 
Rw, 2.5 X lOO. 
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